Florida is the major producer of winter strawberries for the Eastern U.S. and Canadian markets. In Florida, strawberries are produced as an annual crop in methyl bromide-fumigated plastic-mulched raised beds. Botrytis fruit rot (Botrytis cinerea) is the most important disease affecting the crop, causing preharvest losses of up to 15% of the fruit on susceptible cultivars (14) (15) (16) .
Little is known about the dynamics of Botrytis fruit rot epidemics in annual strawberry production systems. In perennial systems, epidemics of Botrytis fruit rot are primarily initiated by conidia produced on dead strawberry leaves within the field (5) . Young, expanding strawberry leaves are quiescently infected by the pathogen and, as the leaf senesces, B. cinerea colonizes the dying tissues and sporulates (6) . Conidia are air or water dispersed to flowers (23) , where they infect floral parts (7, 21) and decay ripening fruit. Direct infection of fruit by conidia is not considered important (13, 23) . After initiation of the epidemic, diseased flowers, fruit, and senescent foliage serve as important sources of secondary inocula in annual production systems (18) .
Strategies for chemical control of Botrytis fruit rot focus on protecting flowers (13, 25) or foliage from infection or reducing sporulation of the pathogen on infected plant material (3, 6) . In perennial systems, fungicide applications in the fall reduced the sporulation of B. cinerea on leaves during the following June, when the plants were in bloom (3, 4) . Effective control of Botrytis fruit rot was obtained with bloom applications of fungicides (25) . Captan, thiram, and iprodione have been reported to control Botrytis fruit rot on strawberry in perennial (9, 24) production systems. Only preliminary reports document the effectiveness of these fungicides in subtropical annual production systems (2, 11, 12, 14, 15) .
In annual strawberry production systems, Botrytis fruit rot is controlled by a combination of cultural and chemical methods. Although no cultivar is completely resistant to Botrytis fruit rot, there are significant differences in susceptibility among cultivars used commercially in Florida (16) . Cultural practices such as sanitation or modification of the canopy microclimate can also improve the control of Botrytis fruit rot. Commercial growers often remove senescent foliage after plant establishment, which reduces the incidence of Botrytis fruit rot when fungicides are not applied (19) . Growers also use drip instead of overhead irrigation to reduce free moisture and to prevent splash dispersal of pathogens. Growing strawberries under clear plastic tunnels also reduces leaf wetness duration and Botrytis fruit rot incidence (26) . Reducing plant density by using wider plant spacing reduces the incidence of Botrytis fruit rot (16) .
Due to high disease pressure from Botrytis fruit rot and other diseases in Florida, disease management has been heavily reliant on fungicides. Growers in Florida can apply captan, a protectant fungicide, up to 24 times (2.3 to 3.4 kg a.i./ha) during the season. Even with regular fungicide applications, Botrytis fruit rot can still cause severe losses on highly susceptible cultivars (16) . Although strawberries flower throughout the winter in Florida, there are typically two peak flowering periods each season, one in November or December and the other in mid-to late January (16) . The first bloom period typically produces fruit when market prices are the highest, and the second bloom period produces a majority of marketable fruit for the season. Because flowers are the primary means of fruit infection, a program combining weekly captan or thiram applications with supplemental applications of iprodione during peak bloom periods may improve control.
The purpose of this study was to evaluate the efficacy of weekly captan and thiram applications and bloom applications of iprodione in the control of Botrytis fruit rot in annual strawberry, and to evaluate a combined weekly captan and iprodione bloom application treatment. A preliminary report has been published (17) .
MATERIALS AND METHODS
Field experiments were conducted at the University of Florida, Gulf Coast Research and Education Center-Dover, during theand 15 cm high at the edge), in methyl bromide:chloropicrin (98:2)-fumigated soil. Plants were overhead irrigated by sprinkler for 14 days to facilitate establishment, then irrigated and fertilized through drip tape for the remainder of the season. When necessary, overhead sprinkler irrigation was used to provide frost and freeze protection. Fungicide treatments were applied with a CO 2 backpack sprayer using a two-nozzle wand (935 liters/ha, 310 kPa).
Treatments that included weekly fungicide applications were started immediately after plant establishment and continued until the final harvest. Bloom applications of iprodione were made during the first two peak flowering periods each season, when 10 to 20% of the flowers had opened, and again 7 days later (approximately 50 to 75% bloom). Bloom applications were intended to protect a majority of flowers during the first two fruit sets. Captan was applied separately from iprodione when both fungicides were applied to a treatment. Fruit were harvested and immediately graded twice weekly each season. The number of marketable fruit and their weight (marketable yield), unmarketable fruit count, and the number of fruit with Botrytis rot were determined each harvest. The experiments were arranged in a randomized complete block design with four replications.
For the 1995-96 season, transplanting was done on 18 October 1995. Plots consisted of 16 plants set in two-row beds, 30 cm apart within and between rows. The experiment evaluated four treatments: untreated control, weekly applications of captan (3.4 kg a.i./ha), weekly applications of thiram (1.8 kg a.i./ha), and weekly applications of captan (3.4 kg a.i./ha), plus four bloom applications of iprodione (1.1 kg a.i./ha). Fungicides were applied weekly from 1 November 1995 to 25 March 1996. Fungicide applications for the first bloom were applied on 29 November and 6 December, and for the second bloom on 23 January and 30 January. Fruit were harvested and graded from 8 December 1995 through 25 March 1996 (32 harvests).
For the 1996-97 season, transplanting was done on 18 October 1996. Plots consisted of 18 plants in two-row beds, 30 cm apart within and between rows. The experiment had five treatments: untreated control, weekly applications of captan (3.4 kg a.i./ha), weekly applications of thiram (1.8 kg a.i./ha), and weekly applications of captan (3.4 kg a.i./ha), plus four bloom applications of iprodione (1.1 kg a.i./ha); and four applications of iprodione alone (1.1 kg a.i./ha). The weekly fungicide treatments were applied from 14 November through 4 March. Iprodione was applied on 27 November and 4 December for the first bloom, and on 14 January and 21 January for the second bloom. Fruit were harvested and graded from 20 December through 6 March (23 harvests).
For the 1997-98 season, 16 plants were set per plot in two-row beds, 30 cm apart within and between rows on 7 October 1997. The experiment had the same five treatments as 1996-97. Weekly fungicide treatments were applied from 30 October 1996 through 10 March 1997. Fungicides for the first bloom were applied on 18 November and 25 November and for the second bloom on 13 January and 20 January. Fruit were harvested and graded from 1 December 1997 through 12 March 1998 (30 harvests).
Cumulative Botrytis fruit rot incidence (number of fruit with Botrytis rot divided by the total number of fruit harvested during a period) and marketable yield were calculated for early, late, and whole-season periods. Fruit harvested up to and including the week the second set of bloom applications began were included in the early period (weeks 1 to 8, 1995-96; weeks 1 to 5, 1996-97; and weeks 1 to 7, 1997-98). All fruit harvested after that week were included in the late period (weeks 9 to 17, 1995-96; weeks 6 to 12, 1996-97; and weeks 8 to 15, . Totals for the whole season (early and late periods combined) were also calculated. Analyses of variance were performed using SAS (SAS Institute Inc., Cary, NC). Incidence of Botrytis fruit rot data were transformed (arcsine square root) prior to analysis. Mean comparisons were made using Fisher's protected least significant difference (LSD; P ≤ 0.05).
To provide a detailed analysis of treatment effects over time, repeated measures analyses of variance (8, 10) were performed on weekly (each week's harvest) and cumulative (all harvests up to and including that week) incidence of Botrytis fruit rot and marketable yield using the SAS general linear model procedure (proc GLM) with repeated option. Weekly Botrytis fruit rot incidence was expressed as the average percentage of Botrytis fruit rot for the two harvests during each weekly period. Cumulative Botrytis fruit rot incidence can decrease over time because incidence is calculated as a running average. For the 1995-96 and 1996-97 seasons, only one harvest occurred during the first weekly interval (week 1), and during the 1995-96 season, there was only one harvest during the last weekly interval (week 17). Independent analyses of variance were also conducted for each harvest week (weekly and cumulative data) and mean comparisons were made using Fisher's protected LSD (P ≤ 0.05).
RESULTS
Development of Botrytis fruit rot epidemics and marketable yield patterns. The development of the Botrytis fruit rot epidemics was similar each season, although their severity varied (Fig. 1) . The incidence of Botrytis rot was initially low and then peaked during mid-to late season.
During the 1995-96 season, the incidence of Botrytis fruit rot reached a weekly peak of 18% (week 11) and a cumulative peak of 6.9% (week 14) in the untreated control. During the 1996-97 season, the incidence of Botrytis rot was higher than in 1995-96, with a weekly peak of 53% (week 7) and a cumulative peak of 26% (week 10) for the untreated control. During the 1997-98 season, Botrytis rot incidence was also high, with a weekly peak of 66% (week 11) and a cumulative peak of 41% (week 13) for the control.
Marketable yields peaked at similar times each season (Fig. 2) . During the 1995-96 season, the first harvest peak occurred during week 3, 3 weeks after the beginning of the first two bloom applications, and the second peak harvest was during week 13, 5 weeks after the beginning of the second pair of bloom applications. During the 1996-97 season, the first harvest peak occurred during week 3, 5 weeks after the beginning of the first pair of bloom applications, and the second harvest peak was during weeks 9 and 10, 4 to 5 weeks after the beginning of the second pair of bloom applications. During the 1997-98 season, the first harvest peak occurred during week 4, 5 weeks after the beginning of the first pair of bloom applications, and the second peak harvest occurred during weeks 12 and 13, 5 to 6 weeks after the beginning of the second pair of bloom applications.
Incidence of Botrytis fruit rot. Significant treatment effects (P ≤ 0.05) on the incidence of Botrytis fruit rot were detected for the early, late, and whole-season periods each season (Table 1) . During the early period in 1995-96, the captan, thiram, and the captan plus iprodione bloom spray treatments significantly reduced disease incidence compared to the untreated control. However, during the late and whole-season periods, only the captan and the captan plus iprodione treatments significantly reduced disease incidence. The addition of iprodione bloom sprays to the captan treatment did not improve the control of Botrytis fruit rot over the weekly captan treatment during 1995-96.
During the early period in 1996-97, the captan, thiram, and captan plus iprodione treatments significantly reduced the incidence of Botrytis fruit rot compared to the untreated control (Table 1 ). There were no differences in the control of Botrytis between the control and the iprodione-only treatment. For the late and whole-season periods, all the fungicide treatments produced significant reductions in Botrytis rot compared to the control. The captan, thiram, and captan plus iprodione treatments also significantly reduced the incidence of Botrytis fruit rot compared to the iprodione only treatment.
During the early period of 1997-98, all the fungicide treatments except the iprodione-only treatment significantly reduced the incidence of Botrytis fruit rot compared to the control (Table 1) . For the late and whole-season periods, all the fungicide treatments significantly reduced the incidence of Botrytis fruit rot. The captan and captan plus iprodione treatments also had significantly less Botrytis fruit rot than the thiram and the iprodione only treatments.
Weekly applications of captan significantly reduced the incidence of Botrytis fruit rot compared to the control during the 1995-96, 1996-97, and 1997-98 seasons (Table 1) . Although weekly applications of thiram also reduced Botrytis rot during 1996-97 and 1997-98, they were not as efficacious as the captan treatments during the late and whole-season periods of 1997-98. The iprodione only treatment also Fig. 1 . Effect of different fungicide treatment programs on the weekly and cumulative incidence of Botrytis fruit rot during the 1995-96, 1996-97, and 1997-98 seasons. Cumulative Botrytis fruit rot incidence can decrease over time because incidence is calculated as a running average. Captan and thiram treatments were applied weekly throughout each season. Iprodione treatments were applied in two applications, 1 week apart during the first and second peak bloom period each season. significantly reduced Botrytis fruit rot during the late and whole-season periods of 1996-97 and 1997-98. However, this treatment did not reduce the incidence of Botrytis fruit rot compared to the control during the early period in either season. There were no significant differences in the control of Botrytis fruit rot between the captan and the captan plus iprodione treatments each season.
Marketable yield. Marketable yields were highest during 1995-96 (Table 1) , but there were no significant treatment effects on yield that season, probably due to the relatively low incidence of Botrytis fruit rot. During the early period of 1996-97 (Table 1) , the control plants and those treated with thiram had significantly lower marketable yields than the plants from the remaining treatments. The captan plus iprodione-treated plants had the highest yield, and the plants from the remaining treatments produced intermediate yields.
For the late-season period, the control plants and the iprodione-only-treated plants produced significantly lower yields than the plants from the other treatments. For the whole season, the untreated control plants produced the lowest yield, followed by the plants treated with only iprodione. The plants treated with captan plus iprodione or thiram produced the highest yields, and plants treated with captan produced intermediate yield.
During the early period of 1997-98, plants treated with thiram, iprodione only, and the control plants produced equivalent marketable yields (Table 1) . The captan and captan plus iprodione-treated plants produced the highest yields, although they were not significantly different from the thiram-treated plants. Yields for the captan plus iprodione and the iprodione-onlytreated plants were not statistically different. For the late and whole-season periods, the marketable yield was highest for the captan and the captan plus iprodionetreated plants and lowest for the control plants.
Weekly incidence and weekly cumulative incidence of Botrytis fruit rot and x df = Degrees of freedom, MS = mean square, and P = probability values associated with the F tests. Analysis of variance for Botrytis incidence was performed on arcsine square root transformed data. y Data were from each individual harvest week. z Data were cumulative totals from that week and all previous weeks. marketable yield. The incidence of Botrytis fruit rot was significantly affected by treatment for both the weekly and cumulative data each season (P ≤ 0.0214; Table 2 ) with the repeated measures analysis of variance. A highly significant time effect (P = 0.0001) for both weekly and cumulative data were found in all three seasons. Significant time-treatment effects were found for both the weekly (P = 0.0003) and cumulative (P = 0.0378) data for 1996-97 and for the weekly data during 1997-98 (P = 0.0332). Marketable yield was significantly affected by treatment (P = 0.0001) for weekly and cumulative data during 1996-97 and 1997-98.
Data were analyzed for each harvest week individually and cumulatively (all harvests up to and including that week). During 1995-96, significant treatment differences in the weekly incidence of Botrytis fruit rot occurred during weeks 11, 12, and 14, whereas significant differences in weekly yield only occurred during week 15 (Table 3 ). Significant treatment effects (P ≤ 0.05) on cumulative Botrytis fruit rot incidence were found from harvest week 4 to the end of the season. However, there were no significant treatment effects on cumulative yield. During 1996-97, significant treatment effects on the weekly incidence of Botrytis fruit rot were found for most of the season after week 3 (Table 4) .
However, weekly marketable yield was not consistently affected by treatment until the final 3 weeks. Cumulative marketable yield and incidence of Botrytis fruit rot were significantly affected by treatment from week 3 (yield) or week 4 (Botrytis fruit rot) through the end of the season. During 1997-98, weekly and cumulative incidence of Botrytis fruit rot were significantly affected by treatment from week 6 and week 5, respectively, for most of the season (Table 5 ). Weekly marketable yield was not consistently affected by treatment until 5 of the last 6 weeks of the season, but cumulative marketable yield was significantly affected by treatment from week 4 through the end of the season.
There were almost no significant differences in weekly or cumulative incidence of Botrytis fruit rot or marketable yield between the captan and captan plus iprodione treatments during 1995-96 and 1997-98 (Tables 3 and 5 ). During the 1996-97 season, there were also no significant differences between the captan and the captan plus iprodione treatments for most comparisons of weekly or cumulative incidence of Botrytis fruit rot and weekly yield (Table 4) . However, plants treated with captan plus iprodione had significantly higher cumulative yield than plants treated with only captan from week 4 through the end of the season.
The first two bloom applications in the iprodione only treatment did not reduce the incidence of Botrytis compared to the untreated control during 1996-97 or 1997-98 (Tables 4 and 5 ). However, the second two iprodione bloom applications (week 5 to 6 in 1996-97 and week 7 to 8 in 1997-98) significantly reduced the weekly incidence of Botrytis fruit rot both seasons. Significant effects from the iprodione only treatment were observed 1, 3, and 5 weeks after applications began in 1996-97 and after 3 (P = 0.0582) and 4 weeks in 1997-98. In 1997-98, the weekly incidence of Botrytis fruit rot in the iprodione only treatment was also significantly lower than the control during week 15 and unexpectedly higher a week before the second set of bloom applications began (week 6).
During the harvest of the first fruit set, weekly marketable yields for plants treated with iprodione were significantly higher than the control plants during week 3 in both 1996-97 and 1997-98 (Tables 4 and  5 ). However, there were no significant differences in weekly incidence of Botrytis fruit rot between the plants treated with iprodione and the control plants during week 3. During harvest of the second fruit set, weekly marketable yield was significantly higher for plants treated with iprodione than the control plants during week 10 in 1996-97 and week 10 and 11 in individual harvest week Control = untreated; Captan = weekly applications of captan; Cap + ipro = applications of captan plus four bloom applications of iprodione; Thiram = weekly applications of thiram. P indicates significant probability values associated with the F tests; analysis of variance for Botrytis incidence was performed on arcsine square root transformed data. Cumulative = data for analysis a cumulative total from that week and all previous weeks.
1997-98. The higher yields corresponded with significantly lower incidence of Botrytis fruit rot for the iprodione-treated plants than the control plants during those weeks. Cumulative yields were significantly higher for the iprodione treatment than the control from week 3 to 6 and from week 8 to the end of the season during 1996-97 and from week 11 to the end of the season during 1997-98.
DISCUSSION
Weekly applications of the protectant fungicides captan and thiram provided significant control of Botrytis fruit rot and increased marketable yield of annual strawberry in this study. The effectiveness of captan and thiram were similar the first two seasons, but captan was more effective the third season. Early-season fungicide applications did not control Botrytis fruit rot until at least the fourth week of harvest, 9 to 10 weeks after applications began. Bloom applications of iprodione also reduced the incidence of Botrytis fruit rot, but only for applications made during the second peak bloom. The control of Botrytis fruit rot by weekly captan applications was not improved by the addition of iprodione bloom applications.
Although applications of iprodione during the second peak bloom period reduced the incidence of Botrytis fruit rot, applications made during the first peak bloom did not. The reduction in Botrytis fruit rot corresponded with higher whole-season marketable yields compared to the control. Interestingly, marketable yield was also higher for iprodione-treated plants during the early period of 1996-97 despite no reduction in Botrytis fruit rot compared to the control. In addition to rotting fruit as they mature, B. cinerea can also cause a flower blight and rot immature fruit (18) . When flowers or young fruit are killed by Botrytis fruit rot, they are not harvested. These diseased fruit are therefore not included in the incidence values for Botrytis fruit rot. We hypothesize that the observed increases in marketable yield when there was no reduction in fruit rot was due to the control of Botrytis rot of immature fruit.
Fruit infection by B. cinerea typically begin in stamens, petals, and other floral parts (7, 21) . The pathogen invades the receptacle as it ripens, ultimately causing Botrytis rot (23) . The purpose of targeting applications of iprodione to peak bloom periods was to protect the maximum number of flowers during each peak bloom. This approach has successfully controlled Botrytis fruit rot in perennial strawberry production systems (25) . The effect of iprodione applications on Botrytis fruit rot should become apparent in 3 to 4 weeks, as the treated flowers mature into harvestable fruit (J. C. Mertely and D, E, Legard, unpublished data). As expected, control of Botrytis fruit rot developed 3 weeks after the start of the second set of bloom applications in 1997-98. However, in 1996-97, control was observed only 1 week after the start of the second set of bloom applications, suggesting that iprodione controls Botrytis rot infections after flowering. This is not completely unexpected because iprodione has some systemic activity (1, 20) .
Annual strawberry production in Florida is dependent upon regular fungicide applications to control Botrytis fruit rot and other diseases. A typical commercial control program consists of weekly applications of captan or thiram supplemented by (14, 15) . Further implementation of the FQPA will likely affect the use of other fungicides on strawberry. It is prudent to develop disease management options for strawberry that will reduce fungicide use. By studying the dynamics of Botrytis fruit rot epidemics, we may be able to develop fungicide application schedules that reduce use and maintain control. In a standard commercial program, captan is applied weekly for five or six applications before the first harvest of the season. In this study, up to 10 captan or thiram applications were made before significant control of Botrytis fruit rot was observed. Typically, low levels of Botrytis fruit rot are observed early in the season. In two of the three seasons studied, no Botrytis fruit rot was observed until the third harvest week. These data suggest that weekly fungicide applications during the early season may not be necessary for the control of Botrytis fruit rot. If early fungicide applications are not critical for delaying the onset or reducing the severity of Botrytis fruit rot epidemics, then fewer applications or reduced rates during this period would lower fungicide usage. Epidemics of Botrytis fruit rot are typically most severe later in the season. Therefore, the effectiveness of bloom applications of Botryticides may be improved if they are focused on the second peak bloom period. Further research is needed to evaluate these approaches for controlling Botrytis fruit rot in annual strawberry. The second set of bloom fungicide applications were made in weeks marked with "*". z Botrytis fruit rot incidence values are expressed as the percentage of marketable and unmarketable fruit harvested with Botrytis rot. Weekly = data for analysis was from each individual harvest week; Control = untreated; Captan = weekly applications of captan; Cap + ipro = applications of captan plus bloom applications of iprodione; Thiram = weekly applications of thiram; Iprodione = bloom applications of iprodione. P = significant probability values associated with the F tests; analysis of variance for Botrytis incidence was performed on arcsine square root transformed data. Cumulative = data for analysis a cumulative total from that week and all previous weeks.
